Radiation-induced epigenetic bystander effects demonstrated in Arabidopsis thaliana.
Radiation-induced bystander effects (RIBE) in vivo in the higher plant Arabidopsis thaliana ( A. thaliana ) have been well demonstrated in terms of effects on development and genetics. However, there is not yet robust evidence regarding RIBE-mediated epigenetic changes in plants. To address this, in the current work the roots of A. thaliana seedlings were locally irradiated with 10 Gy of α particles, after which DNA methylation in bystander aerial plants were detected using the methylation-sensitive amplification polymorphism (MSAP) and bisulfite sequencing PCR (BSP). Results showed that irradiation of the roots led to long-distance changes in DNA methylation patterns at some CCGG sites over the whole genome, specifically from hemi-methylation to non-methylation, and the methylation ratios, mainly at CG sites, strongly indicating the existence of RIBE-mediated epigenetic changes in higher plants. Root irradiation also influenced expressions of DNA methylation-related MET1, DRM2 and SUVH4 genes and demethylation-related DML3 gene in bystander aerial plants, suggesting a modulation of RIBE to the methylation machinery in plants. In addition, the multicopy P35S:GUS in A. thaliana line L5-1, which is silenced epigenetically by DNA methylation and histone modification, was transcriptionally activated through the RIBE. The transcriptional activation could be significantly inhibited by the treatment with reactive oxygen species (ROS) scavenger dimethyl sulfoxide (DMSO), indicative of a pivotal role of ROS in RIBE-mediated epigenetic changes. Time course analyses showed that the bystander signaling molecule(s) for transcriptional activation of multicopy P35S:GUS, although of unknown chemical nature, were generated in the root cells within 24 h postirradiation.